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ABSTRACT

A .dl.;a.i-ptu'pose irrigation and fish spawning chamnel will be ‘constructed

along & 3.22-nl length of the Tehama-Colusa Canal, Calif. A vertical slide .

gate device (baffle gate) vas developed for clemning the gravel spawning . = e

bed of the canal. The gate can be moved along the length of ‘the capal and
positioned in the water to produce a jet of higher velocity flov beneath =
the gate. A secondary use of the baffle gate is to provide a 5-fps veloc- =
ity barrier for controlling movements of small fish in the canal. Model
tests were made to determine whether this veloclty barrier conld be main-
tained wvithout eroding the gravel bed and to determine baffle gate settings
to produce the S5-fps veloclity barrier for glven discharges. A photograph
and’ drawing of the model flume, test data, and a gradation curve of model
gravel are included. .
 DESCRIPTORS-- fish/ irrigation canals/ hydreulic models/ *fish handling
facilities/ model tests/ scour/ baffles/ velocity/ channels/ #slide gates/
{flumes/ Jets/ gravels : : - R o :
/IDENTIFIERS-~ Tehama-Colusa Cansl, Calif/ #spawning channele/ fish guiding/
"-,lgfvelocity"barriera/ ‘£1sh barriers/ salmon o
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SUMMARY

A 3.22-mile (5.2 kilometer) length of the Tehama-Colusa Canal,

near Red Bluff, California, will be used as a dual-purpose chan-

nel; an irrigation water conveyance canal, and as a fish-spawning -
channel. A gravel layer in the canal bottom will provide a spawn- .
ing bed for salmon, Sediment is expected to settle out of the canal - -
- water and deposit in the gravel. Because salmon eggs deposited in
sediment-clogged gravel will die before they are hatched, a verti-

cal slide gate device (baffle gate) will be used to remove the fine
sediment from the gravel. The baffle gate, mounted on a carriage
which can travel up and down the canal, is lowered partially into the
flowing canal water. The high-velocity jet thereby produced beneath
the gate displaces the gravel from upstrearn to- downstream of the

gate and washes the sediment 1nto suSpensmn io be carried away by
the canal water flow,

ThJ.S report descrlb_es-a secondary benefit in which the baffle gate -
will also be used to produce a velocity barrier to prevent small fish
. from swimming past the gate. By .moving the gate downstream,

~ young salmon fish can be controlied or moved along and out of the -
canal. ‘Described in this report are hydraulic model tests made to
determine the vertical positions of the baffle gate necessary to pro-
ducea velocity barrier of 5 feet (1.5 meters) per second beneath the
gate for various canal discharges. The sectional model was 28 feet .
{8.5 m) long, 2 feet (0. 61 m) wide, and 8 feet (2. 4'm) deep. Oneiside
of the model contained glass panels through which action in the model
.could be observed and photographed The velocity profile for water
flowing beneath the baffle gate, at.a point 2 feet (0.61 m) downstream
. from.the bafile gate was determmed by makmg velocity measure-
.ments at-successive vertical: 1ntervals above the gravel bed. Veloc--
ity profiles were measured for vanous canal dlscharges ‘at two dif-

o ‘ferent tailwater depths, and in some cases after erosion of the gravel .

bed occurred. The model data were used to plot:a-curve showmg the

' -vertical settmg of the baffle gate above the gravel bed versus! canal

discharge. The graph can be used to find the baffle gate opening’

" above the gravel bed to produce a velocity of 5 feet (1.5 m) per sec-
~ond-at-apoint 2 feet {0.61 m) downstream from the baffle and 0. 3 foot -

(9.1 crn) above- the gravel bed for various canal dlscharges ;,\\\ -

PAI

INTRODUCTION :

The dual purpose 1rr1gat10n and f1sh spawnmg channel ’3. 22 mlles
(5 2 km)'long, to:be constructed in California, Figure'l, ‘has.a max-.
- :imum-canal. discharge of 2, 530-cubic feet. ‘per ‘second; (cfs) or 71,6 cu-~ -

‘bic meters. per second (cms) The gravel bed, 2.5 feet (0..76 m):thick -

L :will be placedin‘the concrete-lined‘irrigation:canal. ‘The gravel will .

) --Eprov1de a place for salmon to spawn and depos1t thelr eggs One




requirement for a spawning channel is that the gravel be free of

fine sediment during hatching of the eggs. Oxygen-laden water is
required to circulate through the gravel to keep the eggs and the
hatched fish alive. Sediment in the gravel voids prevents circula-
tlon, and may even prevent use of the gravel by the spawning salmon.

A method for cleamng the gravel by. usmg a baffle gate to produce a
“high-~velocity _]et of water has been developed as a result of hydrau-
lic tests made in the laboratory. 1/ A vertical slide gate is placed
across the canal. The bottom of the gate is set relatively close to
the gravel bed to partially obstruct the waterflow. Constriction of
the waterflow area by the baffle gate raises the upstream water sur-
face elevation. A differential head of approxlmately 1.5 feet (0. 46 m)
is established between the upstream and downstream water surfaces

at the baffle gate. This differential head produces a high-velocity jet -

-of water flowing beneath the baifle gate. Action of the high-velocity

" jet scours a furrow in the gravel d1rect1y beneath the gate and as the
 gate is lowered further the scour extends down to the concrete canal
‘bottom, The baffle gate'is then moved upstream and the gravel is -
scoured from the upstream side of the furrow and is deposited on the
downstream side. Inthe process, fine sediment is flushed away from
‘the. gravel particles and washed into. suspension during movement of
the gravel. The deposited gravel is laid in the configuration it had .

~ before being'scou’red with no apparent sorting as to sizes of parti-
cles. Flgure 2A is an artist's drawmg of the bafﬂe gate. '

. .'I-‘he events and act1v1t1es durlng a complete salmon spavmmg cycle

are: (1) adult salmon.migrate up the river and into the spawning

. channel, - (2) adifii 'salmon dig redds (nests) in the spawning gravel,
Figure 2B, (3) adult salmon deposit and fertilize their eggs, (4) eggs

: .hat¢h and the- young fish emerge, and.(5) young fish migrate from the

‘channel to the river. :Because of.these many activities, during sev-

"'a.'f-eral salmon runs, the time left.each year for cleamng the gravel is-

" cabout 1 to'2 months. Some flngerhngs {small young salmon fish) may
~still be.in the canal-when it is time-to start the gravel cleaning oper-
ation. ‘The' movmg baffle and the accompanying velocity barrier are
' ‘prOposed to "crowd''-or-move the fingerlings from:the canal, Be-

" cause‘the: small fish cannot.swim through the. ve10c1ty barrier they .

- will be crowded- from the canal as the baffle gate is moved down-
stream An the eanal - o i :

sf'Numbe_rslg_get‘er'--,to :.r:ﬂterences at’ *he end of the report'.--




THE. INVESTIGATION -

" The Model

The model, sectional in nature, Figure 3, was constructed in an 80- .
foot (24,4 m). long, 4-foot (1.2 m) wide, and 8-foot (2.4 m) deep flume., =~ '
One side of the flume contained glass panels-so that action in the flume. . =

" could be .observed.  The model was 28 feet (8.5 m) long, 2 feet (0.61 m) . . .
wide, and 8 feet (2.4 m) deep. The baffle gate, made from a 3/4~inch "
(1.9 cm) thick, 2-foot (0.81 m) wide, and 8-foot (2.4 m) long plece of’
plywood, could be raised or lowered, and was attached to a carriage
with wheels that tracked along the flume. Stoplogs were used to con-
trol the tailwater depth in the model. Water inflow into the model was
measured with calibrated Venturi meters permanently 1ﬁsta]led in‘the
hydraulics laboratory : ]

_ Two different model scales were used, 1:2 and 1; 1 Gradation of the
model gravel is shown in Figure 4; 3/4 inch (19.1 mm) to 6 inches
{152 mm) forthe 1:1 scaletestsand 3/8 inch (9.5 mm) to about 3 inches
(76.2 mm) for the 1:2 scale tests. Gravel depths in the model were
.1 25 feet (0,38 m) and 0. 75-foot (0.23 m) for the 1:2 scale tests, and

.75-foot (0. 23 m) for the 1:1 scale tests

-Model Tests _

Most of the canal dlscharge w111 flow: between the baffle gate bottom
. -and the 100-foot (30.5 m) wide gravel bed. Some water will flow-.
“through the. gravel bed. Prototype dlscharges were simulated for the
sectional model in each test. Model tests were made for prototype
canal dlscharges of 750, 1,300, 1, 800 and 2,400 cfs (21 , 36. 8,
51,0, and 68, 0 cms).
o For each- model dlscharge veloc1ty measurements were made at in-
: _tervals along a vertical line located on'the centerline of the model at S
~-a-point 2 feet (0. 61 m) downstream from the baffle gate, Figure 5. A -
. :5f16-inch(7..9 - mm) dlameterAPrandtl tube, that could be positioned by
-+ a calibrated indicator, was-used to measure velocities. A differential
- pressure cell (transducer) electrically connected to an electronic re-’
- . corder was used.to measure the veloc1ty head obtamed from the
- Prandtl tube

. For each glven dlscharge the ve1001ty measurements were made with
two different tailwater elevations.. One tailwater elevation repre-
" sented the depths for a smooth gravel bed {no redds); the other was
. fora rough gravel bed (completely covered with redds).  For a series .
"';.'jof tests with a given discharge and tailwater elevation the baffle gate
s clearances above the. gravel ‘bed were reduced startmg with the larg- = = "
R lest bafﬂe gate Opemng The Opemng was decreased in. 1ncrements R




“until gravel erosion was just beglnnlng Ver’tlcal Velocﬂ:y measure -
‘ments were made at the different baffle gate openings. In some cases
after part of the gravel bed had eroded, the baffle gate was 1owered
another increment and velocity measurements again made.

. Model tests are summarized in Table 1, and measured veloc1t1es are ..
.‘shown on Flgures 6 through 12,
DISCUSSION AND RESULTS OF THE INVESTIGATION

" Model Taﬂwater Depths

Different,roughnesses of the gravel bed may exist when the baffle gate
will be used for crowding small fish from the canal. The gravel bed
~ may be undisturbed and relatively smooth, or the bed may have been
altered by the spawning salmon. Durnig spawning, the female salmon,
using her body, digs a nest (redd) in the gravel bed, Figure 2B. Gravel
excavated from the hole is carried by the flowing water and is dep051ted
~immediately downstream to form a hump. Sizes of the individual redds
vary, but typical approximate dimensions are 12 inches (0.3 m) deep, © 7 .
11 feet:(3.4 m) downstream length for the excavated portion; and’ 91nches”
(.19 m) high, and 6 feet (1. 8 m) downstream length for the hurmp. WldthJ
across the channel of a typical redd is approximately 6 feet (1.8 m).
Different roughnesses of the gravel bed can produce different water
. ‘depths for the same canal discharge. - Two different model tailwater
‘depths were used for each dlscharge tested (Table.1l) - one for the min-
‘imum bed ‘roughness with "no redds'' and the second for the maximum
"bed roughness w1th "'100% redds. " ' o

: :Gravel Bed Lo ":l“(

N3

The reference datum representmg the top of the: gravel bed was a hor-
-izontal 11ne drawn on the glass-walled side of theflume, Figure 13.

- Gravel'was placed in:the flume level with the horizontal line. The top
‘of some. rocks were . above this line and the depressmns formed be-
“tween adjoining rocks were mostly below the line. " After model tests~
- were made in which erosion occurred the gravel was replaced to-the"
'.,;;-level of the 11ne before ithe- next series of tests ,were started

: f,.-ifi"-_."fDeslred Velmlty for Crodeg the Small Fish from the Canal

'.--fThe FlSh and Wlldhfe Semce recommended that a-velocity. barrier. of
*5feet per.second (fps) or 1.52 meters per second (mps) be ‘established
“~under.the baffle- gate. This velocity, theyr believed, would be sufficient
to prevent. penetration'by the:small: fish. During: initial tests velocities -

‘were found'to:be’ higher:in the .upper part.of the jjet than in‘thelower .=~
eypart. of: the. Jet Therefore the lower part. of the jet, at.a point 0.3 foot

- .';(9 1. cm) above the gravel bed, was. selected as the. pumt where the -

0
AN,
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ve10c1ty of 5 fps (1.52 mps) shoqu be ‘maintained.~ Movement of the
baffle would then crowd the small fish out: of the canal

Scour

_ Inelplent Scour of the gravel bed was difficult to determine for a pre-
cise velocity or set of model conditions. Meaningless scour may: oc~ - -
cur when an occasional rock or two is swept away for no apparent . =~

. reason:or when turbulent fluctuations of the velocity near the gravel
‘bed cause local movement. Tests in which more definite scour oc- '

. curred for given baffle gate settings are noted on Figures. 6 through 12.
The baifle gate setting was always measured from the baffle gate bot- -
tom to the gravel bed reference; Jatum, even when erosion occurred.
However, the scour depth was considered when determining the dis- -
tance above the gravel bed where velocity measurements were made.

 The plotted velocity measurements show the distance of the Prandtl
o tube above the ex1st1ng gravel bed

Model. Scales

" -Two dlfferent model scales, 1:2 and 1: 1 were used The 1:2 scale

' model tests .were based on the Froude number relationship bétween
“model and prototype. The gravel size 'was- scaled geometrically on . o
the basis of stone fhameter Square: holed screens were used to ob- 7%
-tain the gravel mater1a1 o ¥ ' ' ; '

- Canal dlscharges greater than 1 300 cfs (36 8 cms) could not be tested
in a1:1 scale model because: of the flume size and the limitations of '
‘water supply to-the model, A 1:2 modél scale was used for making .
tests from 750 up to 2,400 cfs (21.2.t0 68,0 cms). To verrfy data ob-
“tained from the 1: 2 scale model; tests were made on a 1:1" scale model
for the 750~ and 1,:300-cfs’'(21.2 and 36. 8 cms).canal dlscharges - Re-

‘ sults of the 1:1 model tests substantiated veloc1ty and scour data: ob—-
o -ta1ned from the 1 2 model F1gures 10 to 12 : - ®

‘Data from the Veloc1ty Measurements . o

4
B

5 'The locatlons where veloc1ty measurements were. made, W1th respect
to the baffle gate are shown in Figure 5, Vertical traverses 2 feet
. (0..61'm) downstream from the gate and on the centerline of the model
""" ‘channel were recorded. :Only velocities below the shear zone of the " .
- jet'were measured. - Velocity measurements made in the 1:2 scale = & . -
-...:f;’model for canal discharges of 750, .1, 300, “1,:800, -and 2, 400 cfs (21.2;
+:36.8;51.0, :and 68,0 cms) are shown-in F1gures 8,1, 8, and 9, ‘re-
ly. : Flgures ‘10 and 11 show a. comparl.mn of: ve10c1ty meas-

Flgure 12 is a. comparison’ of velocity: measure-
::'made in:the: 1 1. and 1 2 soale models for a. canal dlscharge of
0 :jcfs (36 8 cms) oE . : s , . .




The plotted ve10c1ty points in Figures 6 through 12 are the average
~ velocities determined from recorder. recox?’s of pressure fluctua-
~ tions for the Prandtl tiibe. Instantaneous velocities varied from the
-time average‘velocity because of the rough gravel bed causing tur-:-
bulent flow. The largest. fluctuations were observed in velocities
measured close to the gravel bed. For example, a variation of
0.4 fps (0. 12 mps) from an average velocity of 6.4 fps (1. 95 mps)
"m>asured at a point 0.3 feet (9.1 cm) above the gravel bed was
observed

Characterlstlcs of the Velocity Barrier

- The jet, under. the gate, ‘contracts notlceably w1th1n a 4-foot (1. 2 m)
-distance downstream from the baffle gate as shown in F1gure 5. Con-
traction and the upper flow boundary of the jet can'be seen in Fig-

~ure 13. The jet flows only in the lower part of the downstream water
depth. Waterflow above the jet is very. irregular and rough. The
general direction of waterﬂow above. the jet is upstream toward the
baffle gate. ¢

Results of the tests show definite charactenstlcs of the jet velocity
profile. The highest velocity is in the upper level of the jet, and the .
velocity profile of the jet decreases from the upper level to the lower
level near the gravel, The greater part of the jet velocity profile has.
a higher velocity than’ the veloc1ty at a pomt 0. 3 foot (9 1 cm) above
the gravel bed. . . -

" The tailwater depth has an effect upon the veloc1ty proflle, F1gures 8
"and 9. At a point 0. 3 foot (3.1 cm) above the:gravel bed velocities -
‘for the high tailwater depth tend to be greater than the veloc1t1es for
‘the. low tailwater dept-t. :

Bafﬂe Gate Settmgs

The bafﬂe gate settmg is def1n¢=-d as the dlstance from the baffle gate
‘bottom to the gravel bed reference datum line, Figure 14 contains a
\graph of the baffle gate-settings versus canal discharge, taken from
data obtamed in- the model tests. ./In:all tests the gravel bed was rel- -

' at1ve1y level across the 2-foot (0.61 m) model width, The three ‘
.curves represent different behaviors of the gravel bed.: The top‘line
shows the baffle gate settings required to produce a veloc1ty of 5'fps .
(1,5 'mps). at a point 0,3 foot (9.1 cm) above the gravel bed with no

. seour.‘ The dashed middle line 1nd1cates baffle gate settings where
.‘incipient gravel bed-scour occurs.” The lower:line shows baffle ‘gate

. settings at which. gravel bed scour occurs, but at depths less: than

RV Es 5 foot (15 2 cm) deep : . . '

JIn- the prototype canal: the gravel bed is ant1c1pated to be rough and ST
1rregu1ar because the salmon redds con51st of depressmns and humps I

e




ion of the: gravelubed

,;l_

.on the gravel canal bottom Establishing or- mamtammg a bai‘ﬂe

gate setting or opening above an irregular gravel bed may be diffi-
cult, Tt may be necessary to smooth the gravel bed occasionally.

‘A dependable and rapid method of determining the average distance
from the baffle gate bottom to the gravel bed may be needed. Pos-
_sibly some type of sensing device, mechanical or electronic in-
. nature, can be installed on the baffle gate to measure or indicate .
'the requ1red dlstance : _—

The upper curve (dee;gnated - Veloc1ty of 6 fps at a distance of .
0. 3 foot above the gravel bed) in the graph in Figure 14 is recom-
mended for use in obtaining baffle gate settings for given canal dis-
charges. For example,: what is the gate setting for 1,200 cfs -
(34.0 cms)? Find the 1, 200-cfs canal discharge line at the bottom
of the graph; follow this line vertically upwards to the intersection
. with the upper curve. Read the bafile gate setting line on the left
edge of the graph, Gate- settmg = 2. 95 feet (0. 9 m) above the gravel
bed.

If baffle gate settings smaller than those given by the upper curve
in Figure 14 are used, the gravel bed may be disturbed or scoured.
For example, consider a hypothetlcal condition where a baffle gate
setting of 2.2 feet (0. 67 m) is used for a canal dlscharge of 1,200 cfs
(34.0 cms). Erosion cf:the gravel bed will occur. - As the baffle gate
moves downstream the eroded gravel will accumulate in a pile a few
feet downstream from- ‘the baffle gate, The size of the accumulated
gravel pile will increase with the downstream movement of the baffle
.gate, .For this and possibly other reasons, erosion of the gravel bed
-should be av01ded - ‘ S

CONCLUSKONS

1. The baifle gate can be adjusted 'to produce a water velocity of 5 feet o
(1.5 m) per second at a point 0. 3 foot (9.1 cm) above the gravel bed
without scouring the gravel as shown in Figure 14; therefore, accord-
ing to estimates by the Fish and Wildlife Service, the baffle gate can
be used for crowdmg (movmg) small salmon out of the canal. .

) The greater part of the veloc1ty prof11e, for the _]et produced by the -

. bafﬂe gate, has a higher velocity than the velocity-at a point:0.3 foot -
(9.1 cm) above the. gravel bed; the point chosen as the: locatlon where -

© "the velor-lty should be 5 feet. (1 5 m) per second R

- '-3. A veloc1ty of approx1mate1y 6 to. 6.5 feet (l 8 m to 2.0 m) per sec-

-+ ond at a point of 0.3 foot (9.1 cm) above the gravel bed w111 cause ero- L




. 'Baffle gate settings(distarice of gate bottc
bed) versus-canal-discharge to obtain a 5-fps’
at: a: dxstance of_ 0,3 -foot (9 1.cm) above ‘the gravel bed are'

G zk"‘f:
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Artists drawing of the baffle gate machine that will be used to
wash sediment from the spawning gravel and to crowd (move)
small fish out of the canal, Photo P602-D-54534
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B. Artists drawing of a female chinook salmon making a redd (nest)
Photo PX-D-550414
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Figure 13
Report Hyd-579

o mp——
LTRSS -

Photograph of the 1:2 scale model showing the flow characteristics pro-
duced by the baffle gate. Waterflow is from left to right and the head
drop across the baffle gate is visible. The canal discharge is 1, 800 cfs
(51.0 cms), tailwater depth 6.9 ft (2.1 m), and baffle gate setting 3.6 ft
(1.1 m). Patent Blue dye was sprinkled on the water surface downstream
from the baffle gate (upper right corner of the photograph). The turbu-
lence, pulsations, and the general upstream motion of the water above the
jet quickly mixed the dye with the water. The light colored water above
the gravel is the jet produced by the baffle gate and is clear undyed water
flowing past the baffle gate. Photo PX-D-60094

31




FIGURE . 14
REPORT HYD-579
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" CONVERSION FACTORS--BRITISH TO METRIC UNITS OF MEASUREMENT

The fellowing conversion Zastors adopted by the Burean of Reclamnation are those published by the Americen Soclety for - :
_Testing and Materials (ASTM Metric Prazlice Gulde, Tamuary 1964) except that additional factors (*) commotly useddn.. ...
the Bureaii-iave been added, Further discussion of definitions of quantities and onits is given on pages 10-11 of the
~ ASTM Metrie Prectice Guide. N . : B .

The metric indts and conversion factors adopted by the ASTM are based on the "International Sysu::ruf Units" (desiq d
§I for Systeme International d'Unites), fixed by the International Commitiee for Weights and Measures; this system .
also known as the Glorgl or MESA (me  s-kilegram (mags)-second-ampere) systerm. This system bas been adopted by the

Int>ynational Q;qa.;:lmuon for Standardization in 130 Recommendation R-31.

The ‘mefric technleal untt of force 1s the ldlgggam-force; this is the force which, when.applled {0 & bady having a
mess of 1Ig, c{'.ves it pn-acceleration of 9, 83865 m/sec/sec, the standard acceleration of free fail toward the earth's
center for sen Jevel at 4b deg latitude. The metric unit of forze in Sl unlts 1s thrs newton (N}, which 1s deflped as -
that force which, when applted to B body having a mass of 1 kq, glves it an acceleration of 1 m/ses/sec. These wils
must be distinquished from the (inconstant) local weight of & body having & mass of 1 kg; that is, the weight ofa -
- " body 1s that force with which a bedy s atiracted to the earth and 1s equal to the mass of a body multiplied by the
, accelaration due to gravity. However, because it is qeneragdpracuce to use "pound” rathey than the technleally
- “eerrect term "p -force,” the term "ldl s {or derived mass unit) has beer used In this guide instead of "idlogram-
: iorce';ii;i%psrleuﬁsai?sg the eonversionactors Jor forces. The newton untt of force will find increasing use, and is ]
T -essen . - : "o : .

e

QUANTITIES AND UNIT3 OF-SPAGE

By
__IENGTH

25.4 (exactly}. .. . . . .+ . Milcrcn
254 (ewmetly). . ... - . . . Millimeters
e e " g 2.54éxactln®*. . . . . Centimeters
. Feet., . e 30, 48 fexactly) . .~. . Centimeters
. eae et i wee e e 20,8048 {exactlydt. . ool . Meters ;
. et . 0,0003048 {exactiy}* . . Klomulors.
. : 0, 9144 (exactly) . . .. Meters

w7 Miles (statubehly .. Gk 1,809, 34} {exactiy)* . : . 'Meters

1. 608344 (exnctly) . . . Hilometers

AREA _°

“Square fnches .

-, 4518 fexmetly) . Sl . . ‘Square centimeters,
Square feet .- . - '828.08% '

Ve e mLw - Square centlmeters
ons . - i .., Bquafe meters -
.. Square meters; ...
. .. Heectares o
4,048, 0%, L e 4 . Square meters .
0. (0460, . Sdudre kilomaters
o2, 06868, ‘+_Square ¥llometers ]
" 'Cublc inches ... . ST ‘Cuble centimeters ¥
4 Cublefeet. o . . 08 ©o0.0288188 . L . Cuble meters T7{ -
© . Cubleyards. . - 0. 7846564~ . . o . ‘Cuble meters
. R - CcAPAGITY A
Fluld ounces (U.8.) . . . - 28.5737. ...
- T s 7280572 - L
Liquid pints (U.8.) . .. - 0.473179
Qua_.r:ts’(U. 5.)

TUUT v vglansies .
- Gallons {0,8,).

-

Square yards ..., .
JAcrea Jute oS

R aw

A Y

" Square miles .

a3
3

. . Cuble centimeters
.o Muliiters '
. Cuble declmeters

. Liters
w. 7 Cublc centireeters
:Ldters L
. Cublc centirceters
. Cuble decimeters
. Ilers - -~ 7 .
.« Cublc meters .-r
. Cublc decimeters
. Liters. . :
. Liters :
. Liters .
. .Cubic ineters
. ‘Liters i

i1
N ]

-+ Gallons (U.KT
- Cublefest. . .

s

B

ie o woe o2 £ d ¥ w
Il-.’.'l"-tl".l

e 11,233.6% 1
1,233,500%
BT .
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A dual-purpose h'rigati.cn and fish spawnlng channel will be constructed
--along & 3,22-ml length of the Tehama-Colusa Canal, Calif. A vertical slide
<. gate device. ('barfle gate) vas developed for cleaning “the gravel- epawvning
"bed of the.canal. “The gate can be'moved along the length of the canal and
positioned in the watar to produce & Jet of higher velocity flow beneath

LAY barrier for controlling movements of emall fish in the canal. Model
tests were made to determine whether this velocity barrier could be main-’
:-tained without eroding the gravel bed and to determine baffle gate settings

to Produce the 5-fps velocity barrier for given discherges. A photograph.

and dmving of .the model flume;: test dat.a, and a gradation curve of model

gmvel are 1nc1uded. . e .
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A.BS'IRACT

: o .
A dual-purpose 1rtigation nud fish spavning channel will be constructed
along & 3.22:m1 length of the Tehama-Colusa Canal, Talif. A vertical slide
gate device (baffie gate) was developed for cleaning the gravel apavning
ted of the canal. The gate can be moved along the length of the canal and
‘. positioned .in the water to produce a jet of higher velocity flow beneath
‘.- the gate. A secondary use of the baffle -gate 18 to provide a 5-fps veloc-
-1ty barrier for controlling movements of ssmall fish in the canal, Model

© tests were made to determine whether this velocity barrier could be main-
" tained without ercding the gravel bed ‘and to determine baffle gate settings
:-to produce the 5-fps velority barrier for given diuchnrgea. A photograph

o gmvel sre 1nc1ud.ed.

IE= R . ’ - L

" the gate.. A osecondary use of the’ baffle gate 18 to provide a 5-fps veloc- .

. .and draving of the model flume, _teat d.ata, and a grudntion curve of model /5

ABSTRACT

A dual-purpose irrigation and fish apawning channel will be conastructed
along & 3.22-mi length of the Tehau -olusa- Canal, Calif. A vertical slide
gate device (baffle gate) vas developed for cleaning the gravel spawaning
bed of the canal. The gate can be moved along the length of the cansl and
positioned in the water to produce a jet of higher veloecity flow beneath
the gate. A secondary use of the baffle gate ia to provide a 5-fps veloc-
ity bvarrier for conmtrolling movements: of swmall fish in the canal., Model |
teets were made to determine vhether this velocity barrier could be main-
tained vithout eroding the gravel bed and to determine baffle gate settings
to produce the 5-fps velocity barrier for given discharges., A photograph
and drawing of the model flume, test data, and m gradation curve of model
gravel are included.

ABSTRACT

A dual-purpose irrigation and fish spawning channel will be constructed
aleng & 3.22-mi length of the Tehama-Colusa Cenal, Calif. A vertieal slide
gete device (baffle gate) was developed for cleaning the gravel spawning
bed of the canal. The gate can be moved along the length of the caenal and
positioned in the water to produce a jet of higher velocity flow beneath
the gate. A secondary use of the baffle gate is to provide a 5-fpa veloe-
ity barrier for controlling movements of small fish in the canal, Model
tests vere made to determine whether this veloeity barrisr could be main-

_taipned without erodinmg the gravel bad and to determine baffle gate settings

to produce the S5-fps velocity barrier for given discharges. A photograph
azd drawing of the model flume, test data, and a gradation curve of model
gravel ars included, .




AR ARTIF;CIALLY PRO'D!XZED VELOCITY BARRIER FOR CORTHOLLIKG FISH HU'J'EHE'HT
* TEHAMA-COLUSA CARAL. .USBER Lab Rept Hyd-579, Hyd Br, Nov 1967. Bureau of
‘Reclemation; Denver, 32 Py J.h fig, 1'tab, 1 ref .

i ah/ 1rrigation canals/ hydraulle mdels/ #rish hapdling
el tfests/ scour/ 'baffles/ velocity/ channels/ lslide gatea/
umes/ -4 vels ©"
IDERTIFIERS-S Tehama=Colusa canal calif/ lspa.\ming cnmmela/ ﬂeh gui.ding/
_val."'it-y 'burriera/ figh barriers/ salmon

-;Hyd-579 : L

Zelgler, B R° ..

AR ARTIPICIAI.IH PROD’II.‘ED VEINITI B.ARRIER FOR CONTROLLING FISE MOVEMENT:

" TEHAMA-COLUSA CANAL. USBR Lab Rept Hyd-579, Hy2 Br, Nov 196T. Bureuu of
eelmtion, Denvar, 32 p,- J.h fig, 1 tab, 1 ref :

PESCRIPIORS-- . ﬂsh/ irrigation ‘ganals/ hydraulic models/ ®fish hanﬂling
faciltties/ model teats/ scour/. bafﬂes/ velocity/ channe.‘l.a/ #51ide gu.tes/
‘flimea/. Jets/ gravele

. YDENTIFIERS-- Tehama-Coluse Canal, Calif/ *spmming channels/ fish guiding/
.‘Velocit.y 'barrierﬂ/ fish 'burrieru/ salmon. - _

Byd-579 .
Zelgler, ER .

. AN ARTIFICIALLY PRODUCED VELOCITY BAR‘RIER FOR GONI'.ROI.LIHU FI3H HOVDEN‘I"

TEHAMA-COLUSA CANAL. . USER Lab Rept Hyd-579, Hyd Br, Nov 19'57- Bureau of
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